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[Title of the Invention] LIQUID CRYSTAL DISPLAY DEVICE 
[Abstract] 

« 

a 
i 

i 

[Purpose] It is possible to form an LDD structure without executing 

■ 

two times of ion implantation and to lower a drain leakage current 
value . 



[Construction] in a liquid crystal display device including at least 

a thin film transistor (tft) array substrate having-, an insulating 

■ 

substrate; a pixel portlcn which Includes polyarystalline silicon 

i 

TFTs for switching formed on the substrate; and a driving circuit 
portion Which is formed adjacently to the pixel portion and includes 

■ 

polycrystalline silicon IPTs for driving the pixel portion, the 
polycrystalline silicon TPTs each have a gate electrode consisting 
of a two layer structure' of an upper layer and a lower layer, an 
area of the gate electrode of the lower layer is wider than an area 

* 1 

t 
■ 

of the gate electrode of the upper layer, and a charge concentration 
of a polycrystalline silicon layer in a region just under the gate 
electrode consisting of only the lower layer of the lower layer 
portion wider than the area of the gat lectrode of the upper layer 
is an intermediate concentration of a channel region and a source 



i 



001-5714346870=R!PLO /1 -=7 0 3 9 0 3 9 5 8 7 = F AX500 0 L /02-07-12-15: 23/001-003 

07/12/02 FRI 10:38 FA3C 8586785099 FISH RICHARDSON ©006 



I 

I 

i 
I 
t 

or drain region- 

■ 

[Scope of Claim] 

[Claim 1] A liquid crystal display device comprising at least a 

■ 

thin film, transistor (TFT) array substrate having; an insulating 
substrate; a pixel portion which includes polycrystalline silicon 
TFTs for switching formed on the substrata; and a driving circuit 
portion which is formed ajdjacently to the pixel portion and includes 

polycrystalline silicon! TFTs for driving the pixel portion, 

j 

characterized in that the polycrystalline silicon TFTs each 
have a gate electrode Consisting of a two layer structure of an 
upper layer and a lower layer, an area of the gate electrode of 
the lower layer is wider than the area of the gate electrode of 
the upper layer, and a charge concentration of a polycrystalline 

silicon layer in a region just under the gate electrode consisting 

■ 

of only the lower layer I of the lower layer portion wider than an 

area of the gate electrode of the upper layer is an intermediate 

j 

concentration of a channel region and a source or drain region. 

t 

[Detailed Description oif the Invention] 
[0001] 

[Field of the Industrial Application] The present invention relates 

i 

i 

to a display device, and more particularly to a liquid crystal 
display device capable of lowering a drain leakage current value 

■ 

of a polycrystalline silicon thin film transistor (TFT) and 

■ 

enhancing production efficiency. 

■ 
■ 

2 
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[0002] 1 

i 

tPrior Art] In recent years, since a liquid crystal display device 

has a large advantage of being thin and light-weight and consuming 

i 

less power consumption; it is progressively used for a display 

i 

device of OA equipment! such as a liquid crystal television/ a 

| 
i 

Japanese word processor! and a desktop personal computer. At the 
same time, development of the liquid crystal display device applying 
a TFT or a TFT array whici uses polycrystalline silicon in an active 

« 

layer is actively made for the purpose of improving display 
characteristics . 
[0003] Up to now, the TFT which uses polycrystalline silicon in 
the active layer integrates a switching element and a TFT of a pixel 

j 

portion as a display portion of the liquid crystal display device 
and is applied to a driying circuit of the switching element of 

< 

the pixel portion. That is, it is applied to a I FT of a pixel portion 



for applying voltage to 
driving circuit portion 



liquid crystal in a pixel and a TFT of a 
for driving the TFT of the pixel portion. 

i 

[0004] Development of tie present liquid crystal display device 



■ 

is in the direction in wkich the number of pixels is increased by 

! 

making the pixel minute and the pixels are operated at high speed. 
In correspondence with the direction of development, the 
above-mentioned TFT is required to have the following 

characteristics . J 

i 

1) lowering resistance of ja gate wiring for eliminating a gate delay- 
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2) reducing a drain leakage current of the TFT. 
r0005) As to 1), a technique is known in which a metal line or 3ii iC ide 
is used, for example. im this technique, generally, i n order to 
match a work function with the active layer, a two layer structure 
is studied in which polycrystalline silicon added with electrical 
impurity is used as the lower layer and the above-mentioned »tal 
line or S ii iclde is for ^ d as the upper layer ^ 

low resistance. With this structure, a signal delay due to the gate 
wiring is reduced* 

[0006] As to 2) , lowering of the drain leakage current is required 
for the TFT of the pixeljin particular. This is because the drain 
leakage current is caused on the OFF side of the transistor operation 
and thus the normal switching function of OW/OFF is not sufficiently 
provided, and when the Lbove TFT is used in the liquid crystal 
display device, an electric signal of the pixel cannot be held and 
thus the contrast is degraded to particularly affect the image 
quality of the liquid crlystal display device. The cause of this 
drain leakage current is j that since electric fields concentrate 
between the gate and thejdrain of the TFT, when there is a defect 

i 

I 

due to a dangling bond ih particular, among defects of a silicon 
bond in the active layer polycrystalline silicon, an abnormal 
leakage current is caused in a drain joint portion. The reason that 
the abnormal leakage current is caused in the drain joint portion 
is as follows. Generally, the source or drain implants ion 
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necessary for the join*: layer with the gate as a mask by an ion 
implantation apparatus j and forms the structUre in a 8elf . aligBing 
manner. Therefore, . charge distrlbutlon ^ ^ ^ 

end. since a distribution of the electric field is 
Proportional to the charge distribution, the electric fUld 
abruptly rises in the vicinity of the drain. Due to this electric 
field, a tunnel currentj flows in the channel and the drain joint 
portion and is observed as the abnormal leakage current. 
CO007] As a method of ^eventing an occurrence of the abnormal 
leakage current, a technique called LDD (light doped drain) i, known. 
This LDD technique is one in which drain joint is structured by 
gradually changing the dharge distribution in the vicinity 0 f the 
drain portion. Since trie charge distribution gradually changes, 
a joint electric field ij> the joint portian gradually changes and 
the abnormal leakage cujrrent does not flow. Therefore, Uquid 
crystal display devlcesj using the polycrystalline silicon TFT 
manufactured by employing the LDD technique are widely used for 
a liquid crystal television, OA equipment and the like. 
[0008] ! 

i 

I 

[Problems to be solved by the Invention] However, since this LDD 
technique gradually changes the charge distribution of the joint 
portion, there is a problem in that generally, a process of 
implanting ion must be i divided into two processes, that is, 

implantation of the LDD; portion at the low concentration and 
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implantation of the ; source or drain portion at the high 

« 

concentration. ; 

[OO09J Further, while implantation on the low concentration aide 
is generally performed with a gate mask, implantation on the high 
concentration side needs to be performed by shifting from a region 
just under the gate. ! Accordingly, some j mask is necessarily 

required. Generally, resist, an oxide film., or the like is used 

i 

for this mask but the manufacturing process becomes inevitably 
complicated, resulting in a problem in that the manufacturing yield 
is degraded. 

[0010] The present invention has been made in view of solving the 
above problems. Therefore, an object of the.present invention is 
to provide a liquid crystal display device capable of forming an 
LDD structure without executing two times of ion implantation and 
capable of lowering a djrain leakage current. 
[0011] 

[Means for solving the Problem] According to the present invention, 
a liquid crystal display device comprising at least a thin film 

! 

transistor (TFT) array sebstrate having: an Insulating substrate; 
a pixel portion which includes polycrystalline silicon TFTs for 

f 

switching formed on the substrate; and a driving circuit portion 

i 

I 

which is formed adjacently to the pixel portion and includes 

i 

polycrystalline silicon ItFTs for driving the pixel portion, is 
characterized in that the polycrystalline silicon TFTs each have 
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a gate electrode consisting of a two layer structure of an upper 
layer and a lower layer, an area of the gate electrode of the lower 
layer is wider than an area of the gate electrode of the upper layer, 

and a charge concentration of a polycrystalline silicon layer in 

I 

a region just under the gate electrode consisting of only the lower 

layer of the lower layer portion wider than the area of the gate 

■ 

electrode of the upper jlayer is an intermediate concentration of 
a channel region and a source or drain region, 

I i 

[0012] The gate electrode of the polycrystalline silicon TFT 

! 

according to the present invention consists of the two layer 
structure of the upper layer and the lower layer. Preferably, the 

upper layer is composed: of a material whose electric resistance 

» 

value is lower than that of the lower layer. This is because in 

i 

the case of the two layer structure, the electric resistance value 
is determined by a layer whose electric resistance is low, and thus 

i 

it is possible to obtain the low resistance gate electrode by 

* 

providing a layer comprised of a low resistance material such as 

■ ■ 

i 

a metal, compound of silicon as the upper layer . Moreover, the upper 
layer also functions to hold cheiuical resistance or heat resistance . 
[0013) Further, the lowejr layer may have the* thickness such that 
in the case of ion implantation for forming the source or drain, 
the charge concentration, of the polycrystalline silicon layer has 

■ 

a concentration gradient' and is the intermediate concentration of 
the channel region and the source or drain region . The other factor 
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I 

for obtaining the concentration gradient of the charge 
concentration of the polycrystalline silicon layer is a difference 
between the dimension of the u Pper i ayer shape and the dilaensioil 
of the lower layer shape j in the present invention, it is preferable 
that the lower layer his a projecting portion in which the lower 
layer is projected by sjeveral pm fro* the dimension of the upper 
layer shape. It is possible to make the charge distribution in the 
vicinity of the drain cjentle by ion implantation with using the 
above-mentioned gate electrode structure as a mask. 
C0Q14] The liquid crystal display device of the present invention 
is manufactured as follows. No alkali glass, quartz, or the like 
canbe used for an insulating substrate material . on this substrate, 
the polycrystalline silicon f U m is formed by a known method. 
Namely, an amorphous sklicon layer is deposited first on the 
substrate using a reduced pressure cvd or plasma CVD apparatus, 
and subjected to heat treatment at a temperature of about 600»c 

lline silicon layer.; Thereafter, through 
ocess and an etching process, the 
layer ie processed into a desired shape . 
After the surface of the pjolycrystal line silicon layer is thermally 
oxidized to form a gate joxide film, a gate wiring consisting of 
a double film structure is formed thereon. It is preferable that 
the double film structure is formed by using an etching method in 
which the etching speed of the upper layer film i s faster than that 

i 



to provide the polycryste 
a photolithography pr 
polycrystalline silicon 
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of the lower layer film. For example, it is preferable to employ 
RIE (reactive ion etching, us i n g SFe , or the like as a processing 
gas. Thereafter, th.| source or drain region is formed in a 
self-aligning manner with using this gate electrode as a mask, A 
first interlayer insulting film is formed on the surface and a 
part of the film is opened as a contact hole. Then, the metal wiring 
contacts each terminal lof the TFT in the hole. 

» 

[0015] In order to complete the liquid crystal display device, a 
second intsrlayer insulating film is further formed and a contact 
hole is formed. A transparent electrode is formed therethrogh as 
a Pixel electrode. Thisj substrate is called a TFT array substrate. 
Thereafter, this TFT arjray substrate is matched with an opposing 
substrate and a liquid crystal is injected into the gap portion 
to thereby compose a Hqjid crystal cell. Then, an outer assembly 
is formed to obtain the liquid crystal display device of the present 
invention. 
[0016] 

(Operation] The gate wiling of the polycrystalline silicon TFT 
according to the liquid crystal display device of the present 
invention is a two layer jstructure having a low resistance wiring 
on the upper portion. Since the end portion of the gate wiring is 
step-like, it is possible to make the charge distribution in the 
vicinity of the drain gentle by ion implantation in a self-aligning 
manner with using this g at e wiring as a mask. When the charge 
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distribution in the vicinity of the drain is made gentle, it is 
possible to prevent the electric fields from concentrating. As a 

■ 

result, the drain leakage current is reduced. 

i 

* 

[0017] Moreover, the metal wiring of the upper portion of the gate 
wiring enables a low resistance gate wiring, 

■ 

[ooxe] : 

[Embodiment] An embodiment of the present invention is described 

with reference to Figs; 1 to 4, Fig. l is a sectional view of a 

■ 
< 

gate portion of a TFT Used in a liquid crystal display device of 
this embodiment- Polycrystalline silicon is formed on a quartz 
substrate 1 to have a thickness of 1000 angstrom as an active layer 

2 of the TFT- As to this polycrystalline silicon active layer 2, 

■ 

■ 

disilane gas is used as * material gas, amorphous silicon is formed 

i 

by reduced pressure CVD) and heat treatment is subjected thereto/ 

i 

to thereby form the polycrystalline silicon. Thereafter, through 

a photolithography process and an etching process, the 

■ 

polycrystalline silicon is processed into a predetermined shape, 

i 

[0019] Next, the surfacp of the polycrystalline silicon layer 2 
is thermally oxidized to form a gate oxide film 3 having a thickness 
of 700 angstrom. On the gate oxide film 3, a gate wiring having 
a double film structure js formed by the following method. First, 
on a lower layer film 4 in contact with the gate oxide film 3, 
polycrystalline silicon; containing 1 x 10 ls /cm 3 of phosphorus (P) 

> 

as electrical impurity islformed to have a thickness of 1500 angstrom. 
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Then, as an upper layer film 5, tungsten silicide (WSi) is formed 
thereon to have a thickness of 2500 angstrom. Next, by an RIE 
(reactive ion etching) apparatus using SF 6 or CI 2 as an etching gas, 
it is possible to obtain the gate wiring formed such that the lower 
layer film 4 is largely projected by 1 to 2 pm from the upper layer 

film 5, by using a difference of etching rate between the upper 

i 

layer and the lower layer. A sheet resistance of the lower layer 
of this gate wiring is about 30 Q/D and the sheet resistance of 

the upper layer is about 5 n/D because the upper layer is comprised 

< 

of a metal compound of silicon. Accordingly, since the resistance 

i 

of the double structure faring is determined by the low resistance, 
the gate wiring of this 1 embodiment becomes a low resistance gate 
electrode. 

[0020] With using this gate wiring as a mask,' ion implantation for 
forming a source or drain is performed. Phosphorous (P) is 
implanted by an ion implantation apparatus such that a charge 
concentration of a portion of 7a shown in Fig. 1 is (5 to 100) x 
10 l 7cm 3 as an amount of implantation initially determined. Then, 

I 

acceleration energy of tJhe ion implantation apparatus is adjusted 

! ; 

i 

such that the charge concentration of a portion of 7b just under 

i 
i 

a projecting portion 6 is about 1 x 10"/cm J . As a result, as shown 

i 

in Fig. 1, in the portion 7a where there is no gate, ion implantation 
of the conventional concentration is executed and the source or 
drain is formed. In a portion 7c where the gate has a double 
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1 

structure, ion is not implanted, and in the portion of 7b just under 
the projecting portion 6, ion at the intermediate concentration 
is implanted. Thus/' the TFT having an electrical impurity 
distribution can be obtained. 

10021] In the TFT of this embodiment, since a portion where the 
gate electrode has a double structure is completely masked, the 
electrical impurity is jwt implanted. For this reason, the charge 
distribution in the vicinity of the source or drain of the TFT passes 
through an intermediate state once without rising abruptly from 
almost 0. 

i 

[0022) Thereafter, as shown in Fig. 2, a first interlayer insulating 
film 8 is formed and a pirt of the film is opened as a contact bole. 
Then, a metal wiring 9 (aluminum (Al) ) is .made to contact each 
terminal of the TFT in the hole. Further, a second interlayer 
insulating film 10 is jformed and a contact hole is formed. A 
transparent electrode ijl is formed therethrough as an electrode 
of a pixel. This substrate is called a TFT array substrate 12 . This 
substrate 12 is matched ijdth an opposing substrate 13, and a liquid 
crystal 14 is injected into the gap portion to thereby compose a 
liquid crystal cell, jhen, an outer assembly 15 is formed to 
complete the liquid crystal display device shown in Fig. 3. 
[0023] Characteristics of an n-type TFT of the liquid crystal 
display device thus obtained are shown in Fig. 4. Fig. 4(a) shows 
characteristics of the n-type TFT in accordance with this embodiment 
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and Fig. 4(b) shows characteristics of a conventional example which 

■ 

does not have an LDD structure, A characteristic of a region whose 

■ 

gate voltage is negative is particularly characteristic among them. 

i 

In the conventional example of Fig, 4 (b) , in the region whose gate 

i 

voltage is negative, a jdrain current greatly leaps up to serve as 

i 
i 

an extremely large value. On the other hand/ in this embodiment 

! * 

of Fig. 4(a), even if the gate voltage changes, the drain current 

1 • 

has almost the value OV of the gats voltage and does not change. 

[0024] A first effect bf this embodiment is that the number of 

i 

manufacturing processes can be reduced in comparison with a 

i 

conventional manufacturing process. That is, by etching adapting 
the difference in an etching rate once, a 'step-like projecting 
portion can be formed in the end portion of the gate electrode. 
Then, by performing ion '.implantation using this gate electrode as 

a mask once, the LDD structure can be provided. Conventionally, 

i 

ion implantation was performed twice in order to obtain the LDD 

structure. i 

i 

! 

[0025] A second effect', of this embodiment is that excellent 

i 

characteristics of the TET necessary for the liquid crystal display 

■ 

device can be obtained even in the LDD structure manufactured by 

■ 

■ 

ion implantation of one t'ime. That is, a drain leakage current has 

almost the value OV of the gate voltage but can be made small- 

i 

* 

[0026] A third effect of this embodiment is a gate delay is prevented 
by taking the double structure of the gate wiring and the low 
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resistance wire. 

[0027] According to this above effects, since a leakage current of 
the TFT is small even if a large number of pixels of 1 million class 

are operated at high slpeed on a large-sized substrate, an image 

■ 

quality of the liquid 'crystal display device is not affected. 
[0028] ! 

> 
i 

[Effects of the Invention] In the liquid crystal display device 

! 
i 

at least comprising the TFT array substrate of the present invention, 

i 
■ 

the polycrystalline TFT has the gate electrode consisting of the 

! 

two layer structure, • and the charge concentration of the 

i 

polycrystalline silicoh layer in the region just under the gate 

i 

electrode is the intermediate concentration 'of the channel region 

and the source or drain Region , Therefore, it is possible to obtain 

■ 

the liquid crystal display device comprising the TFT array substrate 

i 

• « 
having a low resistance gate electrode, in which the drain leakage 

current is low, through a simple manufacturing process. 

i ! 

Accordingly, it is posslible to enhance production efficiency of 

j 

the liquid crystal display device, Further, since the number of 
pixels is increased andithe pixels can be operated at high speed, 

the liquid crystal display device of high image quality can be 

I 

obtained. 



[Brief Description of the Drawings] 

i 

[Fig. 1] A sectional viep of a gate portion of a TFT used in a liquid 

crystal display device of this embodiment, 

i 
i 
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(Fig. 2} A sectional jview of the TFT used in the liquid cryatal 
display device of this embodiment. 

[Fig. 3] A view showing the liquid crystal display device of this 

embodiment, j 

j 

[Fig, 4J A view showing characteristics of the TFT used in the 

liquid crystal displatf device of this embodiment. 

< 

[Description of Reference Numerals] 

1 quartz substrate, 2 active layer, 3 gate oxide film, 
4 lower layer film, 5 j upper layer film, 6 j projecting portion 
7a portion with no gate/ 7b portion just under projecting portion, 
7c portion where a gate jias a double structure, 8 first interlayer 
insulating film, 9 metal wiring, 10 second interlayer insulating 
film, ii transparent jelectrode, 12 TFT array substrate, 13 
opposing substrate, U liquid crystal, IS outer assembly 



15 



DIALOG(R)File 347:JAPIO 
(c) 2002 JPO & JAPIO. AJ] rts. reserv. 
04504785 **Image available** 
LIQUID CRYSTAL DISPLAY DEVICE 
PUB. NO,: 06-148685 [JP 6148685 A] 
PUBLISHED: May 27, 1994 (19940527) 
INVENTOR(s): NAKAZONO TAKUSHI 

YOSHIHASHI HIDEO 
APPLICANT(s): TOSHIBA CORP [000307] (A Japanese Company or Corporation), JP 

(Japan) 

APPL. NO.: 04-303555 [JP 92303555] 
FILED: November 13, 1992(19921113) 

INTL CLASS: [5] G02F-001/136; H01L-029/784 

JAPIO CLASS: 29.2 (PRECISION INSTRUMENTS - Optical Equipment); 42.2 

(ELECTRONICS Solid State Components) 
JAPIO KEYWORD-.R004 (PLASMA); R011 (LIQUID CRYSTALS); R096 (ELECTRONIC 

MATERIALS « Glass Conductors); R100 (ELECTRONIC MATERIALS « 

Ion Implantation) 

JOURNAL: Section: P, Section No. 1791, Vol. 18, No. 454, Pg. 123.. 

August 24, 1994 (19940824) 

ABSTRACT 

PURPOSE: To form an LDD structure without executing two times of ion 
implantation and to lower the current value of drain leakage, 
CONSTITUTION: This liquid crystal display device has at least a thin-film 
transistor(TFT) array substrate having an insulating substrate 1, a picture 
element part which includes the polycrystalline silicon TFTs for switching 
formed on this substrate 1 and a driving circuit part which is formed 
adjacently to this picture element part and includes the polycrystalline 
silicon TFTs for driving the picture element part. Each of the 
polycrystalline silicon TFTs of the above-mentioned device has a gate 
electrode consisting of a two layered structure consisting of an upper 
layer 5 and a lower layer 4, and the area of the gate electrode of the 
lower layer 4 is wider than the area of the gate electrode of the upper 
layer 5. In addition, the charge concentration of the polycrystalline 
silicon layer in the region right under the gate electrode consisting of 
only the lower layer 4 of the lower layer part wider than the area of the 
gate electrode of the upper layer 5 is the intermediate concentration of 
the channel region and the source and drain region. 
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D DftfS tt. aE*«0*»»* * » * \zmt £ it * fc 

2 sfc^^tTJf tefeittiaa o^i^ > ^ o muifltoz. 

[0 0 0 9] ^bfc. 'ffi«*ffl<B*TSi&*tta#y- h 
-7 X ^7 t?t 5 ^\ y- h itTcfc 0 "f b«S 

d*« £ d <£T «fc 9 , ^fW^TX-^^i^^o il 

[0 0 1 0] #389114, d co .to^HH t»*f«t» 
%ftt>?\Z1&i%TZ- t&X** S"cHU-r > ] )-?n 
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[0011] 

b%^y-hfi^i, Tii^y—h 

E±H<oy— h««OS»J:0J!2;<, doll^y-h 

a*, ^r^;i/pi«^> v—*. k i^-r was 

[0012] *^i:«fc^^ffl-> u n >gl h 5 > 

Ste^C t^>. dtttt. 2Jffitit£Ufcii 

[0 0 13] T»0«»tt* V-** FK>« 

<?X flfi^BHttJiJi^^tt Til <0»ttO-+ ft i 

[0014] *%Ko?«a^s»«. ^ctpctt 

3>K*#rtT*. factor SfI«±l:«ECV 

D, 7 p 7X'7CVDS14fflC>7^77^y , J3>l 

-f- > 2/ilJK«fc 0 ±HSI^x y ^ > yMS^av y 9- > 
• LTSF6 , C I 2 WSrffl^fc, R I E (R e a c c i 



ve Ion Etching) *rffifflT^ d £ 
l« l/-f >WSSE«W9C»*T5. fcoSffltClfSl 

[0015] ajia»ai«t-rafc»c sec, 

C0)iIh7>yX^-7Ki«*, *rrS]««£:£*3 
tf. -tO^r <y:/§(Wc^ B B B ££AL, m£k-t)V%mfc-? 
5o fit, ^T-t>yj £»JSLT*58W<0«»* 

[0 0 16] 

»■ h ? >->'X hEMli. {£J6iftE*£±» 

ttoTV^afcaft, coy- hE«* ? t LTi£8 

© * 6 *^CT * C > *«T * * . K U -f > iS 

b ^(Cft3£ . W^itiWJtf 

[0 0 17] Sfc, y— hE«OJia5a)*JMH»4ittJS 
Sty- hSEI8£*If!£i:T£o 
[0 0 18] 

H 1 «*^^J^^H a B a^§}c^ffl ItIK h 
7>«?-Oir- h SM*<7) Br® 0 S^S^Sl 
i}:^Iy'J3>$ 1000 ^>^X ha-A£)flg/ptc 
MlTSlh7>yX^-^ffifel2iLto -co^ 

fflU JtECVDftCckOMJlx'JnVSiSftL, ^ 

-5- cos, 7* HJ *J?9 7<<—xmi3j:Zfx-y*> 

[0 0 19] OlTiC, *aftyU3>i20aiS«B 
BOLL ft. y-h»bHl3±C2*<Oit«iS**T*y 

-hEi»*BtTo#ft"e»j*Lrfc. y-s*<t« 

3 ch&T^TIf^JcmMM^M^LT'J > (P) * 
lxi0lVcm3 t^y'Ja/^ 1500 *>^X 
ho- ixOM/PCJg^cL, * coiiiCJiJiKS tit, ^ 
/^fyy'i^ K (WS i) * 2500 ^y^Xha 

S F6 . C I 2 ~<£ffif o RIE (Reactive 
Ion Etching) #HlCJ:0» JiTHcoxv^ 1 

-2 um**<*Oa-rJ:-5^»J5JELfey— KE»* t » 
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Silfc, CC0y-hEfi(7)TI^y- hi£SxW:3 OQ/ 

[0020] cicoy— hE^^vx^;:LT. y— x, 

>*fiJtOfc«)0>f *>fI"6ii*«:fT'5. 0 1 ICS 
t7a^S»Otfiri*lt fflJBWlcfcfcfcJT"^** 
Tc&<5 ( 5 — 100. ) X10l9/cm3 J: 3 tC-f 

ff*i£*SBT'J> (P) *JT5&*,«. fit, SSO 
fflL«#6<Bjrpe«*7 b<z>«#<B«fflf««tt, IX 
!0lVcm3 H«£ft*cfc3iC<*>fl'5i&*«Hoa 

tc, k^>34^«»7 am fi^iio<&«&<zM:* 

- ha*2atC£oTV*48M*7 c < *>teflr£& 

tt, y— Mta#2M*iBKfcoTtr>*aM*tt. 5S£IC 
CC07t». SIh7>y7^-0y-X, KUOCOiS 

[0022] <^vm. i2'OTtcfc5i:, SKiamtfife 

1) ) i!h7>yX^-(?)^3f 

^ 0 3 SIC, «2Sm«SURl 0««AL. :a>*47h 

1 2 £^-T£o CCOSS 1 2 ~*ffa««l 3 £ 

jusflterr*. fix, ^7t>yj l s*»«ut 

[0 0 2 3] C<£)£5tCLTf#b n^^i^/Tg'I CO n 
SMMh^>v ? X^--(^^tt^g|4iCiKTa a 4 (a) 
tt**JSWcfllfc>* nSiR h 9 >>?X 
0. 04 (b) aLDD*ift«C7a:oTl^^a£*«IOW 

i4T&£a zn5©#tt-c»«Mfctttt. y— haffifl* 

ft<0ffitt<7>W14T**. 14 (b) COS£*0»JIC*5^T 
fit, h«JE***0)««-C» FU-f >*fflW<*S<8* 
*LbS<0, #Mt!C*ft&a£fto-Cv>*. — 04 
(a) <75*^ffiWC*5i>TW:, y— h«EA<3E{tLTt) 

[0024] *nss«^» i o>«(i*f4, aitxssse* 



D 4ff it * ft * ( C 2 Jg CD -f 5f > fl ^ iA * $ ff o T H 

[ 0 0 2 5 ] *HSS#J<Dfg 2 collate, lS^<^>tT 
^a*{Ci0f^SLfcLDD*iStC*3^Tt), SSfiSS 

mm ovottta a s t> b r /h $<r^:^tg-5, 

[0 0 2 6] *H««a)ai3<7)S»*tt, y-hE«ee 
fiif[a> 2li;t5CiC s fcoT, y— h«K3>fclr>C 

[0 0 2 7] £l±O24*tCJ;0, *34X«-C, 1007JAI 
9 7X^#a<OIB*Si«aT»fPLT^»l« h 7>yX 
^— <OU — ^«8t^h*^»3t»«aaS»«OIBKJC» 

[0 0 2 8] 

h 5 > y X K Sfi 

Ih7>yX^2 »fiSii^ b tt* y- 

L, y- h«ac0BT««lc£*tS*«»S'U:3>«O 

<>'J--^fa^^fIh7>yX^-7KlS$ 
# T £ St & S S£ S * * S£ IS it X § Tit Z> Z £ ifi T * 
Oo C£>fc», ^Bi^TK^gCO^MSfl^^SSife^Ci^ 

^f-, ij^s^ig^L, ^nb^HiiTaf^^ 

[II] $:H^i^^B 3 a a^§{C^Lfc^Mh^> 

[0 2] *^M^Jco^ a B B ^Sg{rf5gffiL7tfWJiih^> 
yX^-CO^liTS^o 

[0 3] ^JSWoaaftSMSSTHTft-S. 

[0 4] ^^Jco« a %S^^fi{c(8fflLfc7 r WMh^> 
yX^-W^tt^tiTS^c 

[^coift^] 

1 5l£a«, 2 TgttH, 3 y-h» 

itm* 4 THM, 5 JtMM, 6 90 

aLgR^> 7 a y— NOTaus^ 7 b 

oti^s^ s mimm&mm* 9 

semi, lo m-zmmmmm* n awa 

a* 12 fSJS ^/yX^-zK StS* 13 — 

*fms«, i.4 ma. is ^7t> 
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